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ProteomicsProteomics

•Dutch Chemist Gerardus Johannes Mulder coined 
the word “Protein” in 1838 after Proteus the Greek 
sea god capable of assuming many forms.

•This etymology  captures the difference between 
genomics and proteomics

•Proteomics has assumed many forms from 2-D mapping to 
biochemical assays to structural studies.

•A great deal of diversity can be added to the proteome co-
translationally and post-translationally.
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Understanding the Increase in Understanding the Increase in 
Diversity Between the Genome Diversity Between the Genome 

and the Proteomeand the Proteome

•• Alternate mRNA SplicingAlternate mRNA Splicing
•• Post Translational Modifications and Post Translational Modifications and 

ProcessingProcessing

• RNA Editing
• Transcriptional Slippage
• Recoding

– Frameshifting
– Bypassing
– Redefinition
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Proteomics offers the opportunity to further Proteomics offers the opportunity to further 
our understanding of how proteins are made our understanding of how proteins are made 
beyond the standard genetic code, and ORF beyond the standard genetic code, and ORF 

prediction.prediction.

22--D Gel ProteomicsD Gel Proteomics

• E. coli Release Factor 2

• 2-D gel proteomics doesn’t provide full length 
masses
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Another Approach to ProteomicsAnother Approach to Proteomics

• Combine peptide mapping with full length 
protein analysis.

– 2-D Liquid Chromatography

– Electrospray and MALDI Mass Spectrometry

– Complete Genome Bioinformatics

Yeast Mitochonrdia
Saccharomyces cerevisiae

Yeast Yeast MitochonrdiaMitochonrdia
SaccharomycesSaccharomyces cerevisiaecerevisiae

• A model without the full complexity of 
RNA splicing.

• Provides a convenient “bag” of proteins 
about 1/10th the complexity of an entire 
genome.
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22--D Liquid ChromatographyD Liquid Chromatography

Anion Exchange or Size Anion Exchange or Size 
Exclusion ChromatographyExclusion Chromatography

Reversed Phase Reversed Phase 
ChromatographyChromatography

Electrospray IonizationElectrospray Ionization
Mass SpectrometryMass Spectrometry

• Triple Quadrapole (Micromass Quattro II )
– Mass Accuracy of 0.01% (100 ppm)

MALDI Mass SpectrometryMALDI Mass Spectrometry
• MALDI-TOF (Perseptive Biosystems

DESTR)
– Mass Accuracy of 0.01% (100 ppm)
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Intact Protein SpectrumIntact Protein Spectrum

Trypsin Digest SpectrumTrypsin Digest Spectrum
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acetylacetyl--CoACoA hydrolasehydrolase

((--Met)Met)ketolketol--acid acid reductoisomerasereductoisomerase

((--Signal Peptide)Signal Peptide)

MnMn superoxidesuperoxide dismutasedismutase

((--Signal Peptide)Signal Peptide)

Proteins found by peptide Proteins found by peptide 
mapping match full length masses mapping match full length masses 

with modificationswith modifications

Other cases were unknown in the Other cases were unknown in the 
databasedatabase

hypothetical protein hypothetical protein 
YOR215cYOR215c

Determined Determined 
localization and localization and 
signal peptide.signal peptide.

hypothetical protein hypothetical protein 
YIL051cYIL051c

Determined Determined 
localization and localization and 
signal peptide.signal peptide.
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What have we foundWhat have we found

• 183 unique samples analyzed
• 46 proteins are significant matches (p<0.05)
• 12 of those have full length matches
• 5 of those reveal information not predicted 

by in the databases

DSIM13,93913,939hypothetical protein YIL051chypothetical protein YIL051c

21,76521,765hypothetical protein YHR148whypothetical protein YHR148w

SIM23,08323,083manganese manganese superoxidesuperoxide dismutasedismutase

37,04137,041protein essential for cell divisionprotein essential for cell division

M55,48155,481ATP ATP synthasesynthase alpha chain precursoralpha chain precursor

M95,86795,867peripheral membrane proteinperipheral membrane protein

M60,58460,584serine serine hydroxymethyltransferasehydroxymethyltransferase

I15,71915,719CuCu--Zn Zn superoxidesuperoxide dismutasedismutase

M85,11185,111heat shock proteinheat shock protein

M68,08168,081dnaKdnaK--type molecular chaperonetype molecular chaperone

M29,50029,500thiolthiol peroxidaseperoxidase

SIM39,17439,174ketolketol--acid acid reductoisomerasereductoisomerase

DSIM21,00921,009heat shock protein MGE1 heat shock protein MGE1 precusorprecusor

M33,41833,418cytochromecytochrome C C peroxidaseperoxidase

M51,54751,547dihydrolipoamidedihydrolipoamide dehydrogenasedehydrogenase

M34,14034,140NADHNADH--cytochromecytochrome b5 b5 reductasereductase

DSIM18,84918,849hypothetical protein YOR215chypothetical protein YOR215c

DIM44,64844,648phosphoglyceratephosphoglycerate kinasekinase

IM82,62482,624aconitateaconitate hydratasehydratase

DI58,58358,583acetylacetyl--CoACoA hydrolasehydrolase

SIM49,21649,216citrate (citrate (si)si)--synthasesynthase

M51,10951,109ATP ATP synthasesynthase beta chain precursorbeta chain precursor

SIM33,83433,834malatemalate dehydrogenasedehydrogenase

SIM53,96753,967aldehydealdehyde dehydrogenasedehydrogenase (NAD+)(NAD+)

MassProtein
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BioinformaticsBioinformatics

• PTM were known in the database, or found 
by manual searching

• Signal peptides were known in the database 
or identified manually

• No recoding events were found

We need better bioinformaticsWe need better bioinformatics

Genome Fingerprint ScanningGenome Fingerprint Scanning
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Challenges…Challenges…
• Separation

– Maximizing separation
– Avoiding proteolytic cleavages

• Mass spectrometer sensitivity
– Identifying non-abundant proteins

• Bioinformatics
– Computational complexity builds rapidly

……and Opportunitiesand Opportunities
• Affinity Tagging

– Going after the proteins one at a time as tagged proteomes become 
available

– The tagging has to be done carefully with proteome diversity in 
mind, or you will miss things.
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